Calligonum polygonoides is an endemic and threatened species reported from semi-arid and arid zones of Rajasthan and adjoining desert belt especially on loose sand dunes. Polygonaceae, the family to which C. polygonoides belongs has about 12 genera distributed in India which comprises about 115 species, distributed chiefly in north temperate, arctic and southern regions, whereas a few are spread over tropical regions. This is the first attempt to determine the gametic chromosome number of C. polygonoides from various populations of arid zone regions in western Rajasthan. The genetic variation analyzed is based on chromosome associations, chiasma frequency at diplotene/diakinesis/metaphase I and pattern of disjunction of chromosomes at anaphase I.
thick branching stems are used as fuel. The aqueous paste of plant acts as an antidote against the heavy dose of opium and poisonous effect of Calotropis procera. Floral buds are used for treating sun stroke (Singh et al. 1996) . Calligonum polygonoides form communities with other dominating species at the top for stabilizing the shifting sand dunes as it consists of dense network of roots. In Calligonum polygonoides, from cytological point of view there is a single report by Valovich and Soskov (1973) , who proposed 2nϭ54 as somatic chromosome number. No chromosome number reports for C. polygonoides or other species of the genus Calligonum from India are available as yet.
Material and methods
To locate distinct and diverse natural populations of Calligonum polygonoides extensive surveys have been conducted into different districts of Rajasthan viz. Bikaner, Barmer, Jaisalmer and Churu. Individual plants in these populations have been selected on the basis of distinct morphological variations for detailed cytological studies. Information regarding important phenological features like habit, habitat and size of the plant, blooming period and fruiting time were recorded for each of the plants. Voucher specimens were deposited in the herbarium maintained by Department of Botany, Jai Narain Vyas University, Jodhpur and the accession numbers were obtained from them. The accession number and place of collection of various taxa used in present work has been presented in Table 1 .
For mitotic studies, the root tips of about 0.5 to 1 cm long were excised and pretreated with 0.025% colchicine (Himedia) for 3 h at ambient temperatures. After pretreatment the root tips were washed 4-5 times in distilled water followed by fixation in freshly prepared Carnoy's fluid (1 : 3 412 Cytologia 73(4) S. Bewal, S. K. Sharma and S. R. Rao glacial acetic acid : 95% ethanol mixture) for 24 h. Root tips were subsequently hydrolyzed with 1 N HCl for 8-10 min at 60°C followed by washing 4-5 times in distilled water before stained in 0.5% leco-basic fuchsin. The stained tips were squashed in 1% aceto-carmine. Chromosome counts were made from temporary preparations. For meiotic studies, flower buds of appropriate size were collected from selected mature plants and fixed on the spot in freshly prepared 1 : 3 glacial acetic acid : 95% ethanol mixture for a minimum of 24 h at room temperature and later stored in 70% ethanol at 10°C. Anthers were squashed in 1% acetocarmine solution with ferric chloride solution as mordant. On average 25-30 PMCs were analyzed at diplotene/ diakinesis/ metaphase I to estimate the range of chromosome associations and recombinational frequencies through chiasma analysis. At anaphase I/II on average 15-20 cells were analyzed to study the distributional pattern of chromosomes and chromatids. For percentage pollen stainability the pollen grains were stained in 1 : 1 glycerine : acetocarmine mixture and on average ten slides were scored for stainable pollen.
Results and discussion
Cytogenetical mechanism underlying speciation and evolution of various genera has been a topic of immense importance to geneticists and plant breeders for quite a long time. Karyological analysis can provide a lot of information and can even throw light on species differentiation and diversification (Kumar et al. 2002, Kumar and Rao 2002) , especially if the size of the chromosome is fairly large enough and morphologically they are distinct. However, if these parameters of chromosomes are limiting factors, meiotic studies can be of great help to cytogeneticists. Meiotic analysis (male/female meiosis) dealing with details on degree of pairing and types of associations, chiasma distribution and its frequencies, disjunction of chromosome/chromatids in anaphase I/II can provide authentic information not only on speciation but also reveal structural details of genome organization and its interrelationships (Kumar et al. 2002 , Kumar and Rao 2002 . It is universally known that the meiotic process is primarily influenced by external factors such as temperature, humidity and a nutritional aspect while the synaptic behavior at zygotene (Zickler and Klecner 1998, 1999) is genetically controlled. Homologous recombination by means of non-sister chromatid exchange which are considered to be highly conserved phenomenon in all the taxa ranging from bacteria to higher plants and humans (Hiom 2001) . Disturbance in the synaptic process mediated by gene mutations has also been widely reported in several plant species (Bennett 1984 , John 1990 , Maguire and Riess 1996 , Dave 1998 .
In view of these reasons male meiotic studies were undertaken in 27 accessions belonging to Calligonum polygonoides. As already detailed elsewhere, the information regarding meiotic details of the selected economically important plant species is scant in nature and qualitatively poor. Thus the information obtained from these studies will have direct bearing on understanding the genome organization of this key stone species of Indian Desert.
The present investigations on C. polygonoides involving 27 accessions collected from different locations from 5 districts of Rajasthan have consistently revealed the occurrence of 2nϭ34, nϭ17. An important observation in present investigations, which include meiotic analysis of 685 PMCs from plants of 27 different locations, is the complete absence of any deviant numbers. Family Polygonaceae, which includes the presently analyzed species Calligonum polygonoides, is a vast family of about 800 species belonging to 40 genera. From perusal of published literature, the family quite distinguished with respect to chromosome number diversity. The chromosome counts ranged from 2nϭ14 (Antigonon leptopus: Subramanian 1980 , Koenigia islandica: Mesicek and Sojak 1973 , Oxyria digyna: Kihara 1927a , Jaretzky 1928 , Edman 1929 , Sakai 1935 , Flovik 1940 , Oxyria elatior: Jaretzky 1928 , Edman 1929 , Rumex acetosa: Jorgensen et al. 1958 , Kuroki and Kurita 1969 , Kurita and Kuroki 1971 , Rumex acetosella: Harris 1969 , Den Nijs 1974 to 2nϭ200 (Poly- gonum viviparum: Johnson and Packer 1968, Taylor and Mulligan 1968) . The genus Calligonum is represented by only one species in Asia i.e. polygonoides for which the chromosome number has been reported as 2nϭ54 (Valovich and Soskov 1973) . The chromosome numbers of other Calligonum species is not forthcoming in the literature. In the absence of such critical information the only way we can speculate the basic number of the genus Calligonum is careful analysis and understanding of chromosome number reports for other genera available. When the same effort is made it appears that different genera of the family Polygonaceae have adopted different basic numbers like xϭ5 (2nϭ20: Oxyria alpinum: Jaretzky 1928, Oxyria aviculare: Graham and Wood 1965, Oxyria barbatum: Sharma and Chatterji 1960, 2nϭ40 : Antigonon leptopus: Jaretzky 1928, Graham and Wood 1965 , Polygonum amplexicaule: Mallick 1968 , P. capitatum: Mallick 1968 , P. barbatum: Sharma and Chatterji 1960 , Subramanian 1980 , 2nϭ60: Polygonum aviculare: Graham and Wood 1965 , P. barbatum: Bir and Sidhu 1978 , 1980 Kihara 1927 , Jaretzky 1928 , Edman 1929 , Sakai 1935 , Flovik 1940 , Oxyria elatior: Jaretzky 1928 , Edman 1929 , Rumex acetosa: Jorgensen et al. 1958 , Kuroki and Kurita 1969 , Kurita and Kuroki 1971 , Rumex acetosella: Harris 1969 , Den Nijs 1974 Doida 1962 , Fagopyrum esculentum: Stevens 1912 , Subramanian 1980 , Fagopyrum emarginatum: Quinsenbery 1927 , Jaretzky 1928 , Fagopyrum tataricum: Jatertzky 1927 , 1928 ; Fagopyrum rotundatum: Jaretzky 1928, 2nϭ32: Fagonum cymosumm: Sharma and Chatterji 1960, 2nϭ48 : Antigonon leptopus: Edman 1929 , Rao 1936 ; xϭ9 (2nϭ18: Fagopyrum cymosum: Sinoto and Sato 1940 , Rumex hastatus: Ono 1933 , 1935 , Motegi 1963 , Rumex vesicarius: Ono 1935 , Sugiura 1936 : Rheum nepalensis: Sugiura 1936); xϭ11 (2nϭ22: Polygonum amphibium: Mehra and Dhawan 1966 , Polygonum runcinatum: Sharma and Chatterji 1960 , Polygonum tomentosum: Jaretzky 1928 , Polygonum vaccinifolium: Jaretzky 1928 , Triplaris americana: Bawa 1973 , Triplaris aurinamensis: Jaretzky 1928 , Rheum spieiforme: Jaretzky 1928 , 2nϭ44: Antigonon leptopus: Simmonds 1954 , Polygonum bistorta: Jaretzky 1928 , Rheum rhaponticum: Jaretzky 1928 , 2nϭ66: Polygonum amphibia: Love 1954 , Love and Love 1956 , P. glabrum: Raghavan and Arora 1958 .
The true basic number(s) are often ascertained by the range of polyploidy available in a genus. Comparatively a very high number of somatic chromosome numbers 2nϭ100, 110, 120, 132, 200 are reported in the genus Polygonum which in turn apparently evolved xϭ5 or xϭ10, a number which is predominantly reported from the genus Polygonum and three more species belonging to genus Oxyria (2nϭ20). Similarly a few polyploids based on xϭ6 (2nϭ4xϭ24, 2nϭ6xϭ48), xϭ7 (2nϭ4xϭ28), xϭ9 (2nϭ6xϭ54), xϭ8 (2nϭ4xϭ32, 2nϭ6xϭ48), xϭ11 (2nϭ4xϭ44, 2nϭ6xϭ66) have also been reported in the family Polygonaceae. Strikingly different are, the present chromosome counts which is 2nϭ34, which apparently did not evolve from any of these basic numbers directly. Possibilities of chromosomes structural and/or numerical changes might have influenced the chromosome numbers in the present analyzed populations. If such a assumption is considered than xϭ5, 6, 7, 9 and even 11 could be considered as possible basic number of the genus Calligonum. More authentic conclusion can only be made when chromosome counts of other species are available.
Another observation which merits mention in the meiotic analysis of Calligonum polygonoides is prominence of bivalents associations resulting in up to 17 bivalents per PMC in all the accessions. However, some PMCs did show the lack of chromosome associations as observed in accession number C. polygonoides JNVU/RI/2005/52, where sporadic PMC showed as many as 34 uni-417 Analysis of Intra-specific Genetic Variation Plate 1. Fig. 1. Metaphase I, 16IIϩ2I, Fig. 2 . Anaphase I, 17: 17 (C. polygonoides JNVU/RI/2005/31), Fig. 3. Diplotene, 15IIϩ4I, Fig. 4 . Metaphase I, 16IIϩ2I (C. polygonoides JNVU/RI/2005/32), Fig. 5.  Diplotene, 16IIϩ2I, Fig. 6 . Metaphase I, 17II (C. polygonoides JNVU/RI/2005/33); Fig. 7 . Diplotene, 17II, Fig. 8 . Metaphase I, 16IIϩ2I (C. polygonoides JNVU/RI/2005/34), Fig. 9. Metaphase I, 17II, Fig. 10 . Anaphase I, 17: 17 (C. polygonoides JNVU/RI/2005/35), Fig. 11. Diplotene, 17II, Fig. 12 . Metaphase I, 17II (C. polygonoides JNVU/RI/2005/36), Fig. 13. Metaphase I, 17II, Fig. 14. Anaphase I, 17: 17 (C. polygonoides JNVU/RI/2005/37), Fig. 15. Metaphase I, 16IIϩ2I, Fig. 16 . Metaphase I, 17II (C. polygonoides JNVU/RI/2005/38), Fig. 17. Metaphase I, 17II, Fig. 18 . Metaphase I, 17II (C. polygonoides JNVU/RI/2005/39), Fig. 19. Diplotene, 17II, Fig. 20 . Anaphase II (C. polygonoides JNVU/RI/2005/40). S. Bewal, S. K. Sharma and S. R. Rao Plate 2. Fig. 21. Diplotene, 16IIϩ2I, Fig. 22 . Metaphase I, 17II (C. polygonoides JNVU/RI/2005/41), Fig. 23. Diplotene, 17II, Fig. 24 . Metaphase I, 17II (C. polygonoides JNVU/RI/2005/42), Fig. 25. Diplotene,  17II, Fig. 26 . Diakinesis, 16IIϩ2I (C. polygonoides JNVU/RI/2005/43), Fig. 27. Diplotene, 17II, Fig. 28 . Metaphase I, 17II (C. polygonoides JNVU/RI/2005/44), Fig. 29. Diakinesis, 16IIϩ2I, Fig. 30 . Metaphase I, 17II (C. polygonoides JNVU/RI/2005/45), Fig. 31. Diplotene, 16IIϩ2I, Fig. 32 . Anaphase I with laggards (C. polygonoides JNVU/RI/2005/46), Fig. 33. Metaphase I, 15IIϩ4I, Fig. 34 . Metaphase I, 17II (C. polygonoides JNVU/RI/2005/47), Fig. 35. Diplotene, 17II, Fig. 36 . Metaphase I, 17II (C. polygonoides JNVU/RI/2005/48), Fig. 37. Diakinesis, 16IIϩ2I, Fig. 38 valents. In general the numbers of univalents were 2, 4, 6, 8, 12, 16, 20, 22 and 34 in different PMCs of accessions studied presently. The highest percentage of cells with 17 bivalents was observed in C. polygonoides JNVU/RI/2005/37 and the least value for the same observation was 15.16 in C. polygonoides JNVU/RI/2005/52, which in turn had highest univalents in one of the PMC. On average the highest mean value (3.68) of univalents were also recorded in the same accessions i.e. C. polygonoides JNVU/RI/2005/52.These univalents were encountered in all the accessions presently investigated with a high number of them (Ͼ17) being found in three accessions viz. synapsis i.e. desynapsis/asynapsis may not be attributed in the present case due to overwhelming number of PMCs showing chromosome associations (Koduru and Rao 1981) . Precocious separations of rod bivalents, whose frequency ranged from 0-4 with a highest average mean value of 0.88 per PMC or premature terminalization of otherwise synapsed homo/homeologues is attributed as possible reason for regular presence of univalents (Kumar 2000 , Kumar and Rao 2002 . When compared to 938 numbers of chromosomes leading to univalents formation at diplotene/diakinesis/metaphase I, the number of chromosomes (22, 352) forming bivalent association far exceeded. Therefore the question of partial heterozygosity among bivalents leading to formations of univalents is ruled out (Koduru and Rao 1981) . Traditionally arid zone shrub and tree species show a great amount of structural heterozygosity due to outcrossing in the genome (Rawat et al. 2007 , Rawat et al. 2006 leading to high number of univalents at meiosis.
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Cytologia 73(4) S. Bewal, S. K. Sharma and S. R. Rao However, it is not clearly known how C. polygonoides though inhabitat arid zone environs and mostly a shrub, has failed to display the same degree of heterozygosity. The highest chiasma frequency of 33.44 was observed in C. polygonoides JNVU/RI/2005/37 and C. polygonoides JNVU/RI/2005/38, while the lowest 30.04 was observed in C. polygonoides JNVU/RI/2005/52. The values for chiasma frequency of other accessions were recorded in between these two. In most of the cases, one or two chiasma per bivalents was recorded. Predominantly distal chiasma were observed while interstitial chiasma were altogether absent. Occurrence of localized chiasma (proximal or distal) was reported in large number of plants (John and Lewis 1965 , Sybenga 1972 , Singh 1993 , Gupta 1995 . Distal chiasma has been attributed to the pattern of chromosome pairing and/or interference pattern segments for crossing over (Kumar et al. 2002) .
A salient feature observed in most of the accessions of the species in question is the presence of 1-3 bivalents always showed a close association with nucleolus indicating the nucleolar organizing region (NOR) present on the bivalents. Due to lack of comprehensive karyological studies in these accessions, the nucleolar nature could not be further confirmed.
At exhibited the occurrence of lagging univalents may be the direct consequence of presence of univalents 2.32, 1.76, 2.85, 2.08, 2.64 and 1.51 respectively which failed to disjunct to the opposite poles in normal fashion. This data supports to the earlier view that unpaired chromosomes (univalents) in diploid taxa are reported to be the main cause of abnormal distribution of chromosomes at anaphase I (Zickler and Kleckner 1998, Stace 2000) and that of chromatids in anaphase II (Sybenga 1972 , Singh 1993 , Gupta 1995 . However in accessions C. polygonoides JNVU/RI/2005/41, C. polygonoides JNVU/RI/2005/42, C. polygonoides JNVU/RI/2005/55 and C. polygonoides JNVU/RI/2005/57 lagging bivalents were also observed, due to failure of disjunction of bivalents at anaphase I.
Few PMCs at diplotene/diakinesis were sporadically observed exhibiting chromosome structural abnormalities in the form of interchange complexes involving more than two chromosomes (large translocation ring like structure) in one accession C. polygonoides JNVU/RI/2005/40. Yet in few PMCs analyzed at anaphase I in another accession C. polygonoides JNVU/RI/2005/46 have shown bridge-fragment structures which directly indicate the scope for structural rearrangements (e.g. paracentric inversions) in the genome leading to structural heterozygosity. However the frequency of such PMCs was very low and therefore not much significance can be attached to these observations. However they can be regarded as indicative features for the origin and probably future development of structural heterozygosity in the genome of C. polygonoides.
The 2C DNA value for the species C. polygonoides has not yet been ascertained, and thus the genome size is not clear in this species. In contrast, the genomic DNA of various species of C. polygonoides have been probed by using randomly amplified polymorphic DNA markers and isozymes markers by Ren et al. (2002) and Tao and Ren (2004) respectively to elucidate the interspecific relationship within the genus Calligonum. More comprehensive investigation with well defined marker system such as microsatellite must be carried out for clear understanding of both inter-and intraspecific variation in the genus Calligonum.
